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The Comparative Value Of Different Test
Organisms In The Microbiological
Assay Of B Vitamins
Leon H. Leonian''' and Virgil Greene Lilly
INTRODUCTION
MOST INVESTIGATORS engaged in microbiological assays have
been satisfied to use but one organism for testing a specific
vitamin ; comparatively little attention has been given to the
use of many test organisms to assay one vitamin in a given sub-
stance. Because an organism may require an exogenous supply of
a certain vitamin before it can grow, it does not necessarily follow
that no other compound may be substituted for that particular
vitamin; there are a number of compounds ("vitamers" or
"isotels") that are capable of such substitution. For instance,
Snell, Guirard, and Williams (18) and Snell (19) have shown
that Lactobacillus casei, which requires pyridoxin for grovvth,
will respond just as well if another substance, "pseudopyridoxin,"
is substituted. Furthermore, they state that Streptococcus lactis R
does not seem to grow in the presence of unheated, synthetic
pyridoxin but requires the "pseudopyridoxin," which is formed
either by autoclaving pyridoxin with certain amino acids or by
the passage of this vitamin through the body of animals. It follows
that for S. lactis R the "pseudopyridoxin" is a true vitamin, not a
"vitamer." Burk and Winzler (A) have shown that three appar-
ently distinct compounds, "miotin, rhiotin, tiotin," can replace
biotin in the nutrition of some organisms. Melville, Dittmer, Brown,
and du Vigneaud (15) applied the procedure devised for the
hydrogenolysis of organic sulfides to biotin methyl ester and
obtained a compound which they named desthiobiotin. This sub-
stance was found to be as active for a strain of Saccharopiyces
cerevisiae as biotin itself, but was unable to replace biotin for
Lactobacillus casei.
Bovarnick (2) showed that heating an asparagine-glutamate
mixture endowed it with the property of supporting growth of
several nicotinamide-requiring microorganisms. In a recent pub-
lication (3) she has shown that the growth-promoting property of
heated asparagine-glutamate mixtures is due to nicotinamide.
Here is an interesting case of vitamin formation. Isbell, Wooley,
Butler, and Sebrell (10) found that nicotinic acid was unreliable
for the standard curve of Shigella paradysenteriae, and that nico-
tinamide gave much better results. It is a well-known fact that
/:?-alanine replaces pantothenic acid for many organisms and may
well be considered a "vitamer." The specific action of thiamin
^Deceased June 7, 1945
moieties, pyrimidine and thiazole, has been studied extensively
and is too well known to need any discussion here, except to point
out that most microbiological assays for thiamin use test organ-
isms that respond not only to the intact thiamin molecule but to
either one or both of the moieties as well. Tatum and Beadle (21)
found that large amounts of acetyl-p-aminobenzoic acid and j)-
nitrobenzoic acid could replace 2>aminobenzoic acid, to a limited ex-
tent, in the growth of their Neurospora crassa mutant. Other
related compounds, such as o- and m-aminobenzoic acids, were
found to be much less effective.
In view of the foregoing survey, it is obvious that our con-
cept of vitamins and of microbiological assays may have to be
subjected to a certain amount of revision. One of the purposes of
this work is to distinguish the vitamin effect from the "vitamer"
or "isotel" effect whenever possible. It is realized that the solution
of such a complex problem must of necessity involve a very
large number of test organisms and very extensive research in
nutrition. The present work is merely a small step in that direc-
tion.
The second objective of this work is to bring together into
one publication the more promising methods of microbiological
assay. Some of the techniques outlined here deviate but slightly
from standard methods now in use; others are improved, and
many are new. An attempt has been made to clarify the technique
so as to spare the reader certain perplexities that always arise
when authors take it for granted that the readers are as familiar
as they are with "routine" biological or chemical methods,
A Revieiv of Microbiological-assay Methods—A complete re-
view of the literature is beyond the scope of this work; only the
more representative references are presented. These are classified
and arranged in tabular form (Table 1) for the sake of simplicity
and convenience.
MATERIALS AND METHODS
The Inorganic Salts—The employment of numerous and un-
related organisms precludes the possibility of developing a uni-
versal medium. The food constituents which are least affected by
the specific requirements of the test organisms are the mineral
elements. Therefore, unless otherwise stated, the composition and
the quantity of the inorganic salts used throughout this work are
as follows
:
For yeasts and t'ljamentous fungi For bacteria
0.5 g. ill 1.000 ml.
0.25 g.
0.0002 g. "
0.0002 g. "
0.0001 a-.
KH2P04 1 g. in 1,000 ml.
MgS04 0.5 g.
Fe 0.0002 g. "
Zn 0.0002 g. "
Mn 0.0001 g. "
The Source of Carbon—Dextrose has been used almost ex-
clusively as the source of carbon at the rate of 25 grams per liter
for yeasts and filamentous fungi (Phijcomyces blakesleeanus, 50
gm.), and 20 grams for bacteria. In the case of Lactobacillus casei
and L, ar^abmosus both 10 and 20 grams of dextrose have been
used. Sucrose was substituted for dextrose for Rhizobium trifolii
205.
The Source of Nitrogen—Casein hydrolysate was found to be
the most satisfactory source of nitrogen. It may be purchased
already prepared, or it may be prepared in the laboratory. The
writers followed the latter procedure. The SMACO vitamin-test
casein was repeatedly precipitated according to the method of
Landy and Dicken (l.'^) : One liter of distilled water was brought
to a temperature of 50°C.; 100 grams of casein was added grad-
ually and stirred for 30 minutes. Three grams of sodium bicar-
bonate was dissolved in a small amount of water and added to
the casein solution, stirring constantly. If necessary, more water
was added to dissolve all the casein. The solution was adjusted to
pH 4.6 by using 10 percent hydrochloric acid; the casein pre-
cipitate was allowed to settle and was removed. This procedure
was repeated four times. The writers then continued by following
a modified procedure for hydrolyzing casein : 200 grams of pre-
cipitated casein was refluxed for 15 hours with 2 liters of &N
hydrochloric acid. The excess acid was then removed by repeated
vacuum distillation. The hydrolysate was next placed in one liter
of distilled water and adjusted to pH 4 by concentrated sodium
hydroxide. After adding 40 grams of Norit A, the solution was
brought to boiling while being stirred constantly and was then
filtered through No. 325 Delta filter paper under suction. The
Norit was washed with boiling water and the filtrate was added
to the casein hydrolysate solution, thus bringing the volume to
the original 2,000 milliliters. The pH was adjusted to 2-3 and the
material was stored in the refrigerator at O^C. Ten milliliters of
this was equivalent to one gram of casein.
Another method of preparing casein hydrolysate is described
by Krehl, Strong, and Elvejhem (13): 100 grams of casein is
twice extracted by stirring 15 minutes with 2 or 3 volumes of
95 percent ethanol and filtered. It is then refluxed over a low
flame v/ith concentrated hydrochloric acid for 16 to 20 hours,
concentrated to a paste at 70 - to 80''C. under reduced pressure;
200 milliliters of water is added and again concentrated. The resi-
due is dissolved in 700 milliliters of water and adjusted to pH 4.
Twenty grams of Norit A is added and stirred for an hour at
room temperature. It is then filtered, the pH adjusted to 6.6 and
diluted with distilled w^ater to 1,000 milliliters. Any sediment oc-
curring in this hydrolysate upon standing may be eliminated by
autoclaving.
Other sources of nitrogen used in this work consisted of
ammonium sulfate, asparagine, and certain amino acids. The
amounts and the different combinations of these will be described
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later when the media for the specific test organisms are described.
This applies also to the vitamins and other accessory factors.
The Quantity of the Nutrient Solutions—All yeasts and fila-
mentous fungi were grown in 250 milliliter flasks, each contain-
ing 25 milliliters of the medium. The bacteria were grown in 125
milliliter flasks each containing 10 milliliters of the medium.
Agitation: Cultures of Debarijomyces-matruchoti v. subglo-
bosus, Mycoderma valida, Saccharomyces cerevisiae ("Old Pro-
cess" and "Gebriider Mayer"), S. carlsbergensis and Zygosaccharo-
myces marxianus were agitated. The flasks were placed on a flat-
bed shaking machine which had a 6-inch stroke and made 50
strokes per minute. The shaking machine operated 10 minutes
out of every hour; a time clock was used to turn the motor on
and off. No filamentous fungi or bacteria were shaken during
growth. The effect of shaking on the bacteria was not investi-
gated, with the exception of Rhizobium trifolii 205. Shaking in-
creases the rate of growth of this organism. Single flasks from a
series were not removed from the incubator for inspection before
the readings were made.
Test Organisms— (See Table 2.)
Tauie 2 — A List of Test Organisms Used in This W07-k tcith
Source and Use of Each
Name Source of culture Vitamin (s) tested
CeratostomeUa ips 438 Dr. W. .T. Robbins Biotin
C. montiiim Dr. W. J. Robbins Pyridoxin, biotin
C. pini Jfl6 Dr. W. J. Robbins Biotin
C. pleuriannulata Dr. W. J. Robbins Pyridoxin
Deharyomyces matruchoti U. S. Nortliern Regional Biotin
V. suhglobosus Research Laborator,y
LactohuciUus casei American Type Culture Rilioflavin. pyridoxin, panto-
Collection tlienic acid, niacin, biotin
L. ara-hinofnis Dr. W. H. Peterson I'antothenic acid, niacin, bio-
tin. pyridoxin, p-aminoben-
zoic acid
Li'iicononloc mesenteroides Dr. L. Stahly Pyridoxin, niacin
Mycodcrm a rnlidia U. S. No. Rejr. Ros. Lab. I'yridoxin
Kciiroxporu crassa Dr. G. W. Beadle /;-aniinobenzoic acid, biotin
••Aminobenzoicless"
Neurospora crassa Dr. G. W. Beadle Inositol
"Inositollcss"
Neiiroxporn sitophila Dr. J. L. Stokes (orifcinall.v
from Dr. G. W. Beadle)
I'yridoxin
Phycomycen hJakesleeanus Dr. \y. J. Robbins Thiamin
I'liytophtliora metDrum Dr. C. M. Tucker "
I' lit hi inn asro/iJiiiUon Baarn. Holland "
Prolciis iiiori/iiiiii No. 21 Dr. J. R. Porter Pantotlienic acid
Rhhohiiim trifolii No. 20.5 U. Wis. Asxr. Bact. Dept. Biotin
S(i cell (1 rii III ycrx ccrcr is iw U. S. No. Reg. Res. Lab. Thiamin, inositol, biotin
'"Old I'roccss"
Sdcchdroiinircs ccrcr isiw U. S. No. Reg. Res. Lab. Pantotlienic acid, biotin
••(Ji'hrudcr Ma.ver"
Sdcfliiiriniiiii-rs citrhshcrf/ciisifi Fleisclimann Laljoratory Pyridoxin
Sordarid Jim iiola Baarn, Holland Biotin
^trcptoroirii.s Uictis R. Dr. E. E. Snell Pyridoxin
ZyyoftHcclidromyccs marxidnus U. S. No. Reg. Res. I>al). Niacin, biotin
The Inoculum—The filamentous fungi, with the exception of
Neurospora crassa, N. sitophila, and Phycomyces blakesleeanus,
were grown on nutrient agar in Petri dishes, 20 milliliters per
Petri dish; after the colony filled most of the plate, inoculum
discs were cut all along the edges of the colony by means of a
cork borer with an opening of 4 millimeters and one disc was
transferred to each flask. This insured inoculum pieces of uniform
age and size. This is a desirable, but not necessarily a vital,
factor because inoculum pieces of smaller size and older age have
given essentially similar results. Spore suspensions also were
made in a nutrient solution containing 0.5 percent yeast extract,
and incubated overnight at 25°C. to induce germination. One
standardized loopful of this suspension was transferred to each
flask. The platinum wire was B & S 24-gauge, double loop, with
an inside diameter of 2.5 millimeters.
The yeast inoculum was obtained from 72-hour-old cultures
in the complete yeast medium (liquid). One standardized loop-
ful was used for each flask.
Stock cultures of bacteria were carried in liquid nutrient
media containing the necessary vitamins plus 0.5 percent yeast
extract. Seventy-two-hour cultures growing in similar media
furnished the inoculum at the rate of one loopful per flask. The
cumbersome practice of washing and centrifuging the cells be-
fore inoculating was found to be entirely unnecessary. The amount
of vitamins in one loopful of cell suspension is so infinitesimal
that even 10 or more loopfuls fail to induce noticeable growth.
Incubation—Yeasts, filamentous fungi, and Leuconostoc mes-
enteroides were incubated at 25 ""C, Rhizobium trifolii 205 and
Streptococcus lactis R at 30 "C, and the remaining bacteria at
37" C. The length of the incubation period varied for the different
filamentous fungi, but was 72 hours for yeasts (48 hours for
S. cerevisiae ''Old Process" in inositol assay) and for some of
the bacteria. Proteus morganii was incubated for only 24 hours,
while Leuconostoc mesenteroides and Streptococcus lactis required
4 days to reach their optimum growth.
Estimating the Yield—Nearly all of the filamentous fungi
were readily harvested by filtering through a piece of marquisette
cloth. Some species of Ceratostomella form an abundance of micro-
conidia and are best harvested by filtering through Alundum
crucibles RA-360 under vacuum. The harvested mats of mycelium
were dried at 85"C. for 24 hours and weighed. The yeasts were
harvested by filtering through Alundum crucibles when the growth
.was heavy; but in case of scanty growth Selas crucibles No. 2001
were used. The sugar of the unused medium in such scanty
cultures becomes adsorbed on the large surfaces of the Alundum
crucibles and despite repeated washings will remain to influence
the final weight. After the weights were recorded, all crucibles
were washed, heated in a muffle furnace at 600 "C, cooled, washed
three times under suction with distilled water, dried at 85 ^C. and
weighed. Four hours at 85 = C. sufficed to dry the harvested yeast
cells.
A Fisher electrophotometer was used to estimate the amount
of growth made by bacteria.
Extraction of Yeast for' Assaying—A commercial yeast, in
form of dry flakes, was selected as the material to be assayed for
the B vitamins. Acid hydrolysis was found to be the best method
for the extraction of inositol, nicotinic acid, and biotin ; the re-
maining vitamins were extracted by autolysis and autoclaving
combined. While papain and takadiastase, alone and in combina-
tion, were also tried, they were not found to be superior to the
method used. The acid hydrolysate was prepared as follows : 20
grams of the dry yeast cells were autoclaved for one hour in N/1
sulfuric acid ; barium hydroxide was added to adjust the solution to
pH 4, and centrifuged ; the supernatant solution was decanted, the
precipitated material was washed twice with distilled water, then
recentrifuged. and the washings were combined with the original
supernatant solution, 95 percent alcohol was added to give a 20
percent alcoholic solution, and the final volume was made to 400
milliliters. One milliliter of this solution was equivalent to 50
milligrams of yeast cells.
The autolysate was prepared as follows : 100 milliliters of
water was added to 2 grams of yeast cells and kept under benzene
for 24 hours at ST^'C. Benzene was removed in vacuo; the cells
were removed by centrifuging, washed twice and centrifuged, and
all three supernatant solutions were combined. The yeast cells
were then placed in 100 milliliters of distilled water and auto-
claved for 15 minutes, centrifuged, washed, and centrifuged
again ; the supernatant solutions were combined with the auto-
lysate; alcohol was added to make a 20 percent alcoholic solu-
tion, and the volume was adjusted to 500 ml. One milliliter was
equivalent to 4 milligrams of yeast cells. The extracts were stored
in brown glass bottles and kept in a refrigerator.
THE EXPERIMENTAL WORK
THIAMIN ASSAY
The following organisms were used to determine the amount
of thiamin in the yeast sample : Pythium ascophallon, Phycomyces
blakesleeanus, and Saccharomyces cerevisiae "Old Process." The
first organism must be furnished with the thiamin molecule be-
fore it can grow; Phycomyces blakesleeanus grows very well in
the presence of pyrimidine and thiazole, while the yeast grows
readily when furnished with thiazole only.
Pythium ascojjhallon—The nutrient medium for this organism
had the following constituents
:
Inorganic salts
Dextrose 25 g.
Glycine 0.5 g.
rfZ-a-alanine 0.5 "
Arginine hydrochloride 0.5 "
Glutamic acid 1.0 "
Aspartic acid 1.0 "
Biotin 1 microgram
Distilled water 1,000 ml.
pH (before autoclaving) 5.5
The incubation period was 10 days.
10
While the results recorded in this paper were obtained with
the foregoing medium, one may substitute 2 grams of asparagine
and 1.2 grams of fumaric acid for the five amino acids, without
materially influencing the assay results. In fact, fairly good
growth may be obtained in much simpler solutions, but the re-
producibility of the results may be less satisfactory. When fur-
nished with the most favorable nutrient medium and a long in-
cubation period the fungus seems to be able to synthesize some
unknown accessory factors and thus reduce its erratic behaviors
to a minimum.
The amounts of thiamin used for the production of the stand-
ard curve were 0.0, 0.0125, 0.025, 0.05, 0.1, 0.2, and 0.4 micro-
gram per 25 milliliters (Fig. 1). The amounts of yeast samples
to be assayed were 0.05, 0.1, 0.2, and 0.4 milligram per 25
milliliters of medium.
MICROGRAMS OF THIAMIN
Fig. 1—Thiamin curve. Pythium ascophallon test organism
Phycomyces blakesleeanus—This is the most widely used
fungus for determination of thiamin. It is less variable than many
others, and the reproducibility of its results leaves little to be
desired. Unfortunately it responds just as well to thiamin moieties
as it does to the thiamin molecule itself. Where free moieties are
not present, as in the yeast sample, this fungus is a very satis-
factory test organism.
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Both spore suspension and bits of young mycelium have been
used as inocuhim. In case of the former method the spores were
suspended in a nutrient solution containing 0.5 percent of yeast
extract; transfers were made after the spores germinated. This
precaution is necessary because the spores of this fungus do not
germinate readily in most synthetic solutions. Cultures furnish-
ing spores were grown in the light in order to encourage sporan-
gium formation.
The nutrient medium for Phycomyces blakesleeanus had the
following composition:
Inorganic salts
Dextrose 50 gm.
Casein hydrolysate
equivalent to 2 gm. casein
Fumaric acid 1.32 "
Sodium carbonate 1.1 "
Distilled water 1,000 ml.
The foregoing substances, with the exception of the inorganic
salts, w^ere dissolved in 500 milliliters of water, 5 grams of Norit A
was added, and the solution was brought to boil with constant
stirring. The suspension was filtered, the inorganic salts added,
the volume made up to 1,000 milliliters, and the reaction adjusted
to pH 5.5.
The incubation period was 7 days; the amounts of thiamin
for the production of the standard curve were 0.0, 0.0125, 0.025,
0.05, 0.1, 0.2, and 0.4 microgram per 25 milliliters of medium.
The amount of yeast for assaying was 0.05, 0.1, 0.2, 0.4, and 0.8
milligram per 25 milliliters of the medium.
Saccharomyces cerevisiae, "Old Process"—This organism was
grown in a solution of the following composition
:
Inorganic salts
Dextrose 25 gm.
Casein hydrolysate
equivalent to 2 " casein
Fumaric acid 1.32 gm.
Sodium carbonate 1.12 "
Before the addition of the inorganic salts and the vitamins
the solution was treated with Norit A. The reaction of the medium
was adjusted to pH 5.0 and the vitamins were added at the rate
of 100 micrograms each of pyridoxin and pantothenic acid, 1
microgram of biotin, and 10 milligrams of inositol per 1,000
milliliters of the medium.
The incubation period was 72 hours. The amounts of thiamin
for the production of the standard curve were 0.0, 0.025, 0.05,
0.1, 0.2, 0.4, and 0.8 microgram per 25 milliliters of medium. The
amounts of yeast to be assayed were 0.075, 0.15, 0.3, and 0.6
milligram per 25 milliliters of the medium.
Table 3 gives the assay values for thiamin
:
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Table 3 — Thiamin-hydrochloride Assay Values as Determined hy Three
Test Organisms
Test ortranism MifroKrams of thiamin per gram
I'!/ thill III, ascopJiallon
Phi/coiiii/ccs hlakesleeaniis
Sa evilam in incs cere ris iw
"Olfl Process"
520 ± 38
506 ± 26
529 ± 33
INOSITOL ASSAY
The test organisms for inositol were Saccharomyces cere-
visiae, "Old Process," and the "inositolless" mutant strain of
Neurospora crassa which was obtained through the courtesy of
Dr. G. W. Beadle (1).
Saccharomyces cerevisiae, "Old Process"—The yeast medium
(see page 12) was used; it contained also 100 micrograms of
thiamin, pyridoxin, pantothenic acid, and one microgram of biotin
free acid per liter. In addition 0.125 gram of yeast nucleic acid
was added to the medium. The amounts of inositol for the pro-
duction of the standard curve were 0.0, 2.50, 3.75, 5.00, 7.50,
10.0, 15.0, 20.0, and 25.0 micrograms per flask of 25 milliliters
of nutrient solution (Fig. 2). The amounts of yeast to be assayed
were 3.125, 6.25, 12.50, and 25.0 milligrams per flask. Both the
dry weight of the yeast cells and photometric readings were em-
ployed to estimate the yield. The cells of S. cerevisiae "Old Pro-
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Pig. 2—Inositol curves. Saccharomyces cerevisiae "Old Process" test organism
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cess" did not disperse well in the nutrient solution but tended to
clump; therefore we prefer the assay value calculated from the
dry-weight determinations.
Neu7-ospora crassa, "hiositolless"—The medium used was
the same as for S. cerevisiae, "Old Process," except that it con-
tained one microgram of biotin per liter as the only supplement.
The amounts of inositol for the production of the standard curve
were 0.0, 4.0, 8.0, 16.0, 32.0, and 64.0 micrograms per flask of 25
milliliters of nutrient solution (Fig. 3) . The time of incubation was
5 days, the temperature 25 °C. The amounts of yeast to be assayed
Table 4 — Inositol Assay Values as Beterviinecl hy Two Test Organisms
Test organisms Micrograms of inositol per gram
Saccharomyces cerevlsiw "Old Process'
Neurospora crassa, "Inositolless"
1.333 ;
1,605
115*
102
* The assay value as determined by photometer readings was 1633 ± 75.
were 3.125, 6.25, 12.5, and 25.0 milligrams per flask. Under our
conditions this organism proved to be somewhat more sensitive
to inositol than reported by Beadle (loc. cit.). This is a very satis-
factory organism because no growth at all appears in the absence
of inositol, and the fungus cannot be induced to grow without it,
regardless of time and size of inoculum.
MICROGRAMS or INOSITOL
Fig. 3—Inositol curve. Neurospora crassa "inositolless" test organism
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PANTOTHENIC-ACID ASSAY
The following organisms were used to determine the amount
of pantothenic acid in the yeast sample: Lactobacillus casei, L.
arabinosus, Proteus morganii, and Saccharomyces cerevisiae *'Geb-
riider Mayer,"
Lactobacillus casei—The nutrient medium of Landy and
Dicken, (H) with some modifications, was used for this organ-
ism. It contained the following substances
:
Inorganic salts
Dextrose 20 g.
Casein hydrolysate equivalent to 5 g. casein
Sodium acetate (3 mo) 20 g.
Cystine 0.2 g.
Tryptophane 0.1 g.
Adenine 5 mg.
Guanine 5 mg.
Uracil 5 mg.
Xanthine 5 mg.
Thiamin 100 micrograms
Riboflavin 200
Pyridoxin 400
Nicotinic acid 200
Biotin 2
Folic-acid concentrate* 40 " of 5% folic acid
Distilled water 1,000 ml.
PH 6.6 - 6.8
* Obtained through the courtesy of Dr. R. J. Williams.
Before the addition of the inorganic salts cystine, trypto-
phane, the vitamins, and the purines, the nutrient solution was
treated with Norit A.
Adenine, guanine, and uracil were first placed in a small
amount of water; just enough hydrochloric acid was added to
dissolve them. Xanthine was placed in a small amount of water,
and just enough sodium hydroxide was added to dissolve it.
The amounts of calcium pantothenate for the production of
the standard curve were 0.0, 0.02, 0.04, 0.08, 0.16, 0.32 and 0.64
microgram per 10 milliliters. The amounts of yeast to be assayed
were 0.4, 0.8, 1.6, 3.2, and 6.4 milligrams per 10 milliliters.
Lactobacillus arabinosus—The nutrient medium was the same
as for L. casei, except that the folic-acid concentrate was omitted.
Proteus morganii—The nutrient medium for this organism
riQvfa A Qnrl Ti qq -Fr\lln-ixrc •was
f in t
prepared in two parts, and B, as follows
:
Solution A
Dextrose 20 g.
Nicotinic acid 1 mg
Varying amounts of
pantothenic acid
Distilled water 500 ml.
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Solution B
KH.PO, 5 g.
MgSO, 0.25 g.
Casein hydrolysate
equivalent to 2 grams of casein
Cystine 100 mg.
Tryptophane 100 mg.
Fe 0.0002 g.
Zn 0.0002 g.
Mn 0.0001 g.
Distilled water 500 ml.
PH 7.4
The solution A is distributed at the rate of 5 milliliters per
flask; the solution B is distributed at the same rate in another
series of flasks. After sterilization in the autoclave the contents
of one flask containing solution A are poured into a flask which
contains solution B. This procedure prevents the caramelization
of sugar caused by high pH and gives a colorless solution. Any
precipitates that may form will disappear shortly after mixing
the two solutions.
The amounts of calcium pantothenate for the production of
the standard curve were 0.0, 0.002, 0.004, 0.008, 0.016, 0.032,
0.064, and 0.128 microgram per flask (final volume 10 milliliters).
.
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Fig. 4—Pantothenic-acid curve. Proteus morganii test organism
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(See Fig. 4.) The amounts of yeast to be assayed were 0.04, 0.08,
0.16, 0.32 and 0.64 milligram per flask.
Saccharomijces cerevisiae, "Gehriider Mayer"—The medium
and vitamins used for this organism were the same as those em-
plo3^ed in case of S. cerevisiae "Old Process," except that the
amounts of calcium pantothenate for the production of the stand-
ard curve were 0.0, 0.125, 0.25, 0.5, 0.75, 1.0, and 1.25 micrograms
per flask of 25 milliliters. The amounts of yeast to be assayed
were 1, 2, 4, 6, and 8 milligrams per flask (Table 5).
Table 5 — Calcium Pantothenate Assay Values as
Determined by Four Test Organisms
Test organism Micrograms per gram of yeast
LuctohaciUus easel 61 ± 4.5
Laetobacillus arahinosus 65 ± 2.5
Saccharomyces cerevisiw 64 ± 4.0
"Gebruder Mayer"'
Proteus morganil 37 ± 1.4
RIBOFLAVIN ASSAY
The test organism for riboflavin assay was Lactobacillus
cased, and the medium used was the same as for pantothenic-acid
assay. The amounts of riboflavin for the production of standard
curve were 0.0, 0.02, 0.04, 0.08, 0.16, 0.32, and 0.64 microgram per
flask of 10 milliliters of medium. The amounts of yeast used for
assaying were 0.4, 0.8, 1.2, 1.6, 2.4, and 3.2 milligrams per
flask (Table 6).
Table 6 — Riboflavin Assay Value as Determined by
Lactobacillus casei
Micrograms of riboflavin per gram of yeast
73:
NICOTINIC-ACID ASSAY
The following organisms were used for nicotinic-acid assay:
Lactobacillus casei, L. arabinosus, Leuconostoc mesenteroides, and
Zygosaccharomyces marxianus.
Lactobacillus casei—The medium was the same as that used
previously for this organism. The amounts of nicotinic acid for
the production of standard curve were 0.0, 0.01, 0.02, 0.04, 0.08,
0.16, and 0.32 microgram per flask of 10 milliliters of nutrient
solution. The amounts of yeast to be assayed were 0.1, 0.2, 0.4,
and 0.8 milligram per flask.
Lactobacillus arabinosus—The medium was the same as that
used for L. casei except that folic acid was omitted. The range of
nicotinic acid for the production of the standard curve was 0.0,
'^^Ol, 0.02, 0.04, 0.08, 0.16, 0.32, and 0.64 microgram per flask
""•0 milliliters of nutrient medium. The yeast to be assayed was
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used at the rate of 0.1, 0.2, 0.4, 0.8, 0.16, and 0.32 milligram per
flask.
Leuconostoc mesenteroides—The medium was the same as
that used for L. casei, except that no folic acid was added. The
range of nicotinic acid for the production of the standard curve
was 0.0, 0.025, 0.05, 0.1, 0.2, 0.4, and 0.8 microgram per flask of
10 milliliters of solution. The yeast to be assayed was at the rate
of 0.1, 0.2, 0.4, and 0.8 milligram per flask.
Zijgosaccharomyces ynarxicmus—The yeast medium was used
for this organism. Thiamin, pyridoxin, pantothenic acid, inositol,
and biotin were the vitamins added in the usual quantities. The
pH of the medium was 5.0. The range of nicotinic acid for the
production of the standard curve was 0.0, 0.05, 0.075, 0.1, 0.15,
0.2, 0.3, 0.4, and 0.6 microgram of nicotinic acid per flask of 25
milliliters of medium (Fig. 5). The amounts of yeast to be assayed
were 0.2, 0.4, 0.8, and 1.6 milligrams per flask.
Table 7 gives the assay figures.
T.viii.K 7 — Nicotinic-acicl Assay Values as Determined hy
Four Organisms
Test organism Micrograms of niacin
per gram of yeast
Lactohacillus casei
LfirtohdciUiis arahinosus
Lciicojiostoc mcsoiteroides
Zjiyosa cch arom ijces marxian us
314 ± 30
324 ± 35
306 ± 30
348 ±18
0.075 O.Ij 0.3 0.6
MICRO&RAMS OF NICOTINIC ACID
Fig. 5—Nicotinic-acid curves. Zygosaccharomyces marxiaiuis test orga-
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V-AMINOBENZOIC-ACID ASSAY
The Neurosjjora crassa mutant "1633" of Tatum and Beadle
was used for assaying /j-aminobenzoic acid. The medium was the
one used for yeasts, with the pH adjusted to 5.5, and with 1
microgram of biotin added to each 1,000 milliliters of the solu-
tion. The amounts of 79-aminobenzoic acid for the production of
the standard curve were 0.0, 0.05, 0.1, 0.2, 0.4, and 0.8 microgram
per flask of 25 milliliters of medium (Fig. 6). The amounts of
yeast to be assayed were 2, 3, 4, 6, and 8 milligrams per flask.
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Fig. 6—f^-aminobenzoic-acid curve. ^euros%)ora crassa test organism
C^re must be exercised to see that the pH of the standard
and unknown series is the same, since the availability of ?>amino-
Knzoic acid to this strain of Neurospora crassa under these con-
ditions has been shown to be a function of the pH of the me-
dium (23).
The incubation period was 72 hours.
Lactobacillus arabinosus—The writers failed to obtain satis-
factory results with this organism by the use of standard methods
because a trace of ?>aminobenzoic acid left in casein hydrolvsate
induced too much growth in the controls, and when by a more
rigorous Norit treatment all of this vitamin was eliminated, the
organism failed to grow even in the presence of added i>amino-
benzoic acid. An attempt was made to "neutralize" the vitamin
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left in casein hydrolysate by means of sulfathiazole, but the
growth curve obtained was too variable to be of much value. The
problem was then attacked from a different angle : two series
of nutrient solution were prepared, both containing a constant
amount of sulfathiazole. Varying amounts of p-aminobenzoic acid
were added to one series, and varying amounts of yeast were
added to the other. These were inoculated with L. arabinosus and
incubated. The cultures were examined at various intervals.
Growth occurred in the presence of higher amounts of p-amino-
benzoic acid or of yeast, but there was no growth in the lower
concentrations of these. Therefore it was assumed that the 2:>-amino-
benzoic-acid content of the lowest members of each series show-
ing growth contained equivalent amounts of this vitamin. It was
further observed that the amounts of the vitamin or of the yeast
necessary to overcome the bacteriostatic effect of sulfathiazole
decreased with the length of incubation period. Consequently as
time went on and more flasks showed growth, additional data
were obtained. Table 8 gives the results of a number of such
experiments.
Table 8 — Amount of p-aminobenzoic Acid in Yeast as Determined by Aid of
the Bacteriostatic Effect of Sulfathiazole
Micrograms of Microgram of Incubation period Micrograms of
sulfatliiazole />-aminobenzoic Mg. of yeast i" l^oui'S p-aminobenzoic
per 1000 ml. aciel in medium in medium necessary acid found in
for growtli one gram
5,000 0.16 3.2 72 50
5,000 0.08 1.6 120 50
1,000 0.04 0.8 72 50
1.000 0.02 0.4 120 50
1,000 0.01 0.2 168 50
200 0.02 0.4 24 50
200 0.01 0.2 48 50
100 0.005 0.1 24 50
100 0.0025 0.05 48 50
Since, in the presence of 5,000 micrograms of sulfathiazole,
L. arabinosus required 72 hours to show grov^h when 0.16 micro-
gram of ^^'-aminobenzoic acid or 3.2 mihig-rams of yeast was added,
it follows that 3.2 mg. of yeast contained 0.16 microgram of
p-aminobenzoic acid, or one gram contained 50 micrcarams. The
agreement in assay values of the different treatments ic remark-
able. Nevertheless, the gaps between the concentrations of the
standards and of the assayed material were too large for accurate
results. When these differences were reduced, the following assc^,.
values, recorded in Table 9, were obtained:
Table 9 — Amount of i>am'mohenzoic Acid in Yeast
Incul)ati..n period Micrograms of
Micro-ram^ of Microgram of Milligrams jn hours ^'''''-Tl^lTJfVr.
sXtUHzole ?*-aminobenzoic of yeast necessary «"'^ ^"I'tV^ulfathiazole
.^^,.^^ j^^ medium in medium f^^. growth "'f ^ram
of yeast
200 0.00114
400 0.0228
400 0.0342
400 0.057
0.286 47 40
0.468 47 49
0.908 30 38
1.14 23 50
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The average of the figures in the last column, is 44 micro-
grams of 2>aminobenzoic acid per gram (Table 10).
Table 10 —- p-aminobenzoic-acid Assay Value!i as Determined by Tivo Oiganisms
T(>s t: org;luisni Microtirams of ;>-;iiiiinobcnzoic acid per ^n-am or• yi-ast
Xciirosi
Lavtoix
\)()r(t crassa
iciUiis aruhinosus
46 ±8
44 ± 5.3
PYRIDOXIN ASSAY
The following organisms were used : Ceratostomella montium,
C. pleuriannulata, Mycoderma valida, Lactobacillus arabinosus,
L. casei, Leuconostoc mesenteroides, Saccharomyces carlsber-
geiisis, and Strejotococcus lactis R.
Ceratostomelki montium—The various species of Ceratosto-
mella with which the writers have worked seem to require a
number of accessory factors. They grow fairly well if furnished
with a suitable nitrogen source and vitamins, but even so, some
species are greatly benefited by the addition of Norit-treated
yeast extract. The yeast medium (p. 12) was used for all the
Ceratostomella species. To each lot of 1,000 milliliters of medium
was added 200 micrograms each of thiamin, riboflavin, panto-
thenic acid, nicotinic acid, ^^-aminobenzoic acid, 5 micrograms of
biotin, 10 milligrams of inositol, and the filtrate from one gram
of yeast extract twice-treated with Norit A at pH 4. In addi-
tion, 100 milligrams each of cystine and tryptophane were added
to compensate for the possible shortage of these amino acids in
casein hydrolysate. The nutrient medium was treated with Norit A
before the vitamins were added. The pH of the medium was 6
before autoclaving.
The amounts of pyridoxin for the production of the stand-
ard curve were 0.0, 0.025, 0.05, 0.1, 0.2, 0.4, and 0.8 microgram
per flask of 25 milliliters of solution. The amounts of yeast to be
assayed were 2, 4, 8, 16, and 52 milligrams per flask. The period
of incubation was 8 days.
Ceratostomella plcarianmdata—All conditions were the same
as above (Fis- 7).
SaccH'Tomyces carlsbergensis—The yeast medium was used,
with fi-^amm, calcium pantothenate, inositol, and biotin as the
addf-*' vitamins. The amounts of pyridoxin hvdrochloride for the
i^-oduction of the standard curve were 0.0, 0.0004, 0.0008, 0.0016,
0.0032, 0.0064, and 0.0128 microgram per flask of 25 milliliters
of medium. The amounts of yeast to be assayed were 0.0625,
0.125, 0.25, 0.5, and 1.0 milligram per flask.
Mycoderma valida—The medium was the same as above
except that nicotinic acid was added. The amounts of pyridoxin
hydrochloride for the production of the standard curve were 0.0,
0.00625, 0.0125, 0.025, 0.05, 0.1, 0.2, and 0.4 microgram per flask
of 25 milliliters of medium (Fig. 8) . The amounts of veast to be
assayed were 0.5, 1, 2, and 4 milligrams per flask.
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Fig. 7—Pyridoxin curve. Ceratostomella pleuriannaLata test organism
Lactobacillus arabinusub- and L. casei—The medium was the
same as that used before. The amounts of pyridoxin hydrochlo-
ride for the production of the standard curve were 0.0, 0.02, 0.04,
0.08, 0.16, 0.32, and 0.64 microgram per flask of 10 milliliters
of medium. The amounts of yeast to be assayed were 0.1, 0.2,
0.4, 0.8, and 1.6 miUigrams per flask.
Leuconostoc mesefiteroides—The medium was the same as
that used before for this organism. The amounts of pyridoxin
hydrochloride for the production of the standard curv^ were 0.0,
0.1, 0.2, 0.4, 0.8, and 1.6 micrograms per flask of 10 nj'Hiliters
of medium. The amounts of yeast to be assayed were 0.025, o.05,
0.1, and 0.2 milligram per flask.
Streptococcus lactis R—The Lactobacillus casei medium ana
vitamins were used for this organism. The amounts of pyridoxin
hydrochloride for the production of the standard curve were 0.0,
0.1, 0.2, 0.4, and 0.8 microgram per flask of 10 milliliters oi^|-
dium. The amounts of yeast to be assayed were 0.0125, 0.025, 0.05,
and 0.1 milligram per flask.
Neurospora sitophila "Pijridoxinless"—The medium for this
organism was the same as that used for N. crassa except that 100
micrograms of thiamin was added to each 1,000 milliliters ot the
22
medium, as well as 1 microgram of biotin. The amounts of pyri-
doxin hydrochloride added to the medium for the production of
the standard curve were 0.0, 0.0125, 0.025, 0.05, 0.1, 0.2, 0.4,
0.8, and 1.6 micrograms per flask of 25 milliliters of medium.
The amounts of yeast to be assayed were 2, 4, 8, 16, and 32 milli-
grams per flask.
The incubation period was 72 hours (Table 11).
Table 11 — Pyridoxin Assay Values as Determined hy Nine
Test Organisms
Test organism Microgram of pyridoxin liydrocliloridc
per gram of yeast
Ceratostomella montium
Ceratostnmella pleuriannulata
Miicodcniia valicla
LactdhdciUus arahinosus
Lnctohacillus casei
Lcuconostoc mesenteroides
Neurospora sitophila
Saccharomyces carlsbergensis
Streptococcus lactis R
27 ±3
25 ±3
20 ±3.5
7600 ±1180
270 ±19
6960 ± 700
16.8 ±2.5
9.9 ± 1.1
6500 ± 600
BIOTIN ASSAY
Lactobacillus casei—The medium was the same as before. The
amounts of biotin* for the production of the standard curve
* All blotln assays were made with crystalline biotin, free acid. S. M. A. Co.
Results with biotin methyl ester proved very inaccurate.
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were 0.0, 0.00015625, 0.0003125, 0.000625, 0.00125, 0.0025,
0.005, and 0.01 microgram per flask of 10 milliliters of nutrient
solution. The amounts of yeast for assaying were 0.3125, 0.625,
1.25, 2.5, and 5 milligrams per flask.
L. arabmosus—The medium was the same as before. The
amounts of biotin for the production of the standard curve were
0.0, 0.00015625, 0.0003125, 0.000625, 0.00125, and 0.0025 micro-
gram per flask of 10 milliliters of medium. The amounts of yeast
to be assayed were 1.25, 2.5, 5.0, and 10 milligrams per flask.
Leuconostoc mesenteroides—The medium for this organism
was the same as before. The amounts of biotin for the production
of standard curve and the amounts of yeast to be assayed were
the same as those for Lactobacillus casei.
.S. cerevisiae "Gebrtlder Mayer"—The yeast medium was
used. The amounts of biotin for the production of the standard
curve were .0.0, 0.00025, 0.0005, 0.001, 0.002, 0.004, and
0.008 microgram per 25 milliliters of medium. The amounts of
yeast to be assayed were 1.56, 3.12, 6.25, and 12.5 milligrams per
flask.
Saccharomyces cerevisiae, "Old Process"—The medium for
this organism was the same as before. The amounts of biotin for
the production of the standard curve were 0.0, 0.0000625, 0.000125,
0.00025, 0.0005, 0.001, 0.002, and 0.004 microgram per flask
of 25 milliliters of solution. The amounts of yeast to be assayed
were 0.4, 0.8, 1.6, 3.2, 6.4, and 12.8 milligrams per flask.
Zygosaccharomyces marxianus—The medium as well as the
amounts of biotin and of yeast was the same as those used for
Saccharomyces cerevisiae, exce])t that nicotinic acid was added to
the medium.
Debaryomyces matruchoti v. subglobosus—The medium was
the same as that used for Saccharomyces cerevisiae "Old Process,"
except that it contained 100 micrograms of nicotinic acid in addi-
tion to other vitamins. The range of biotin for the production of
the standard curve was 0.0, 0.0002, 0.0004, 0.0008, 0.0016, 0.0032,
and 0.0064 microgram. The amounts of yeast to be assayed were
0.625, 1.25, 2.5, 5.0, and 10.0 milligrams per flask.
Ceratostomella ips 438, C. montimn, C. pini 416—The medium
and the incubation period were the same as those used before for
the Ceratostomellas. The amounts of biotin for the production of
the standard curve were the same for all three species, as follows :
0.0, 0.003125, 0.00625, 0.0125, 0.025, and 0.05 microgram per
flask of 25 milliliters of medium. The amounts of yeast to be
assayed were 6.25, 12.5, 25, 50, and 100 milligrams per flask. The
period of incubation was 8 days.
Sordaria fimicola—The yeast medium was used for this or-
ganism except that the vitamins were omitted. The medium was
adjusted to pH 6.5 before autoclaving. The amounts of biotin for
the production of the standard curve were 0.0, 0.005, 0.0075, 0.01,
0.015, 0.02, 0.03, 0.04, 0.06, 0.08, 0.12, and 0.16 microgram per
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flask of 25 milliliters of medium. The amounts of yeast to be
assayed were 3.125, 6.25, 12.5, 25, 50, and 100 milligrams per flask.
The incubation period was six days.
Rhizobium trifolii 205—The formula of the medium for this
organism was furnished by Dr. Dean Burke. It consists of the
following:
Potassium dihydrogen phosphate 1.0 g.
Magnesium sulfate 0.2 g.
Sodium chloride 0.2 g.
Calcium sulfate 0.1 g
Ferrous sulfate 0.01 g.
Potassium nitrate 1.0 g.
Sucrose • 10.0 g.
Thiamin hydrochloride 100 micrograms
Distilled water 1000 ml.
The Norit A treatment was omitted.
The pH of the solution was adjusted to 7, heated, and, after
filtering, readjusted to the same point. The cultures were in-
cubated for 72 hours at 30 °C.
The amounts of biotin for the production of the standard
curve were 0.0, 0.00003125, 0.0000625, 0.000125, 0.00025, and
0.0005 microgram per flask of 10 milliliters of medium. The
amounts of yeast to be assayed were 0.00375, 0,0075, 0.015, 0.03,
and 0.06 milligram per flask.
Neurospora crassa and N. sitophila—The medium was the
same as that used before. The amounts of biotin for the produc-
tion of the standard curve were 0.0, 0.000078125, 0.00015625,
0.0003125, 0.000625, 0.00125, 0.0025, and 0.005 microgram per
flask of 25 milliliters of medium (Fig. 9). The amounts of yeast
to be assayed were 0.39, 0.78, 1.56, 3.12, and 6.24 milligrams per
flask. The incubation period was 72 hours.
Table 12 — Assay Values of Biotin as Determined hy Thirteen Test Organisms
Ratio of avidin
—
Test organism Microgram Avid in combinable to
biotin per unoombinable* avidin
—
-unfoni-
gram of yeast binahl( forni
Lactohacilliis arahinosus 0.16 ±0.014 0.03 ± 0.005 5.3 1
Lactobacillus casei 0.41 ± 0.05 0.06 ± 0.01 6.8 1
Rhizobium trifolii '0.58 ± 0.05 0.25 ± 0.014 2 3 1
ftacch aromi/ces cerevisiae
"Old IProcess" 0.27 ±0.02 0.06 ± 0.005 4.5 1
K. Cci-frisiac "Gebruder
Mayer" 0.38 ± 0.03 0.14 ±0.012 2.5 1
Dcharuom/iccs niatruchoti
V. si(bf/lobosiis 0.28 ± 0.03 0.1 ± 0.01 2.8 1
Ziigoiiaccharomyccs marxianns 0.53 ± 0.05 0.1 ±0.01 4.8 1
CcriilostoiiirUa ips 438 0.25±0.04(! 0.1 ±0.01 2.5 : 1
C. montium 0.27 ±0.047 0.07 ± 0.005 .3.8 1
C. pini 416 0.24 ± 0.030 0.09 ± 0.014 2.7 1
Neurospora siioph ila 0..32 ± 0.025 0.08 ± 0.01 4.0 : 1
N. crassa 0.33 ±0.018 O.OS ± 0.01 4.1 : 1
Siordnria fimicola 0.43 ± 0.03(i 0.12 ± 0.01 3.6 : 1
* Tbo avidin troatment consisted of the following procedures: A large excess of avidin
was added to tlu' liiotin-containing solution and allowed to stand for a half hour : acetone
was then aihlcd to i)recipitate the biotin-avidin complex, tlu> liquid residue was ad-
justed to pll 1-2, and concentrated under reduced jiressure at 50-60 " C. I;i any desired
volume.
See Burk and Winzler ('/).
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Table 12 shows that the 13 test organisms arranged them-
selves in several groups according to their assay values. If we
assume that all substances have the same quality of "vitamers,"
it would be possible to state that Lactobacillus arabinosus always
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MICROG-RAMS OF BlOTIN
Pig. 9—Biotin curve. 'Neurospora sitophila test organism
should yield the lowest values, and Rhizobium trifolii or Zygosac-
charomyces marxianus the highest. But such is not the case as
shown by Tables 13 and 14, where values obtained with substances
other than yeast are given. Table 13 gives assay values for a
sample of commercial biotin concentrate of high potency.
T.\BLE 13 — Biotin Values of a Biotin-concentrate as Ohtained l>y the use of
Seven Test Organisms
Test orjranism Micrograms of biotin iior milligram
Lactobacillus araiinostis
Sordaria fimicola
Lactohacillus easel
Sacclifirrnniiccs crrcrisiac "Gpbruder Mayer"
SacchuTomi/ccs crrrrisiar "Old Process"
Dehariiomjiccs matrucliotl i-. suhglohosus
Zygosnccliaromiiccs mar.vianus
1.30 ± 3.5
260 ±44.0
290 ± 36.0
460 ±27.0
510 ±44.0
510 ±70.0
700 ± 78.0
Table 13 shows that again Lactobacillus arabinosus gave the
lowest assay value, and Zijgosaccharomyces cerevisiae the highest.
However Sordaria fimicola gave the second lowest figures, while
in Table 12 it ranked among the higher assaying organisms.
26
Similarly, Saccharomj/ces cerevisiae "Old Process" gave low fig-
ures for yeast and high figures for the biotin concentrate. This
shows that the nature of vitamers varies from one substance to
another. This theory is given additional support by the following
experiment: Three fungi and one j^east, all of them biotin re-
quirers, were grown in a chemically defined nutrient solution;
the resulting mycelium and cells were acid hydrolyzed and as-
sayed with four representative test organisms. Table 14 gives
the results.
Tablp; 14 — Biotin Content of Four Fun^i and One Yeast as Determined by
Four Test Orc/anisms. Values Indicated as Microgram of Biotin j)er Gram
Test organism Organism assayed
Sordaria
fimicoln
S. Cerevisiae
"Old Process"
Neurosi)ora
sitophila
CeratostomeUa
pini 416
LactohaciUits arah-
inosiis
Lactohacillus casei
Rhisobiiim trifolii-205
,«? cerevisiae
"Gfhruder :\ra.vt"i"
0.17 ± 0.01
0.44 ± 0.004
0.16 ± 0.007
0.14 ±0.02
0.08 ± 0.004
0.20 ± 0.004
0.032 ± 0.002
0.055 ± O.OOIG
0.051 ± 0.003
0.092 ± 0.004
0.015 ±0.001
0.031 ± 0.004
0.17 ±0.02
0.40 ±0.04
0.082 ± 0.001
0.11 ±0.02
Table 14 shows that Lactobacillus arahinosus failed to main-
tain its position as the test organism giving the lowest assay values
for biotin ; it was replaced by 5. cerevisiae "Gebriider Mayer," and
Rhizobium trifolii 205; the latter organism yielded one of the
highest assay values for the yeast material (Table 12)
.
DISCUSSION
Biologists admit freely that living things are variable and
therefore most physiological responses have a wide margin of
fluctuation. This is particularly true in case of microbiological
assay of B vitamins, where the interrelationships of the vitamins
and of the accessory growth factors on the one hand, and of the
specific nature of the basal medium on the other, bring many
complications into the picture.
Deficiencies in the basal medium are perhaps the most im-
portant and the least understood causes of variations. When the
medium is well balanced and contains all the necessary growth
factors in optimum amounts, the behavior of the organisms is
more nearly reproducible, becoming increasingly less predictable
as conditions become unfavorable. Most test organisms used in
microbiological assays have many deficiencies ; some of these are
known and may be provided ; others are obscure. This is one rea-
son that, in some cases, it is necessary to add to the medium
certain complex organic substances to overcome food deficien-
cies, and to compensate for accessory factors introduced into the
nutrient medium by the substances that are being assayed. Often,
however, it is not possible to make such compensations ; con-
sequently the assay figures of the unknown will manifest sharp
upward drifts from the standard curve. Such cases necessitate
the discarding of results obtained with the larger concentrations
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of the unknown. All calculations should be based on the results ob-
tained with the smaller amounts, whereby the obscure growth-
stimulating factors are reduced to such an extent as to be inef-
fective.
A number of organisms are able to synthesize some or all
of their accessor^'- growth factors if given sufficient time; if
harvested too soon, they yield erratic results, and reproducibility
becomes a hopeless task. This is illustrated by the behavior of
Pythium ascophallon, which may make a satisfactory growth if
only thiamin is added to the medium; biotin improves its growth;
yet if harvested after an incubation of only 6 days, the amount of
mycelium will not be reproducible, even though all conditions re-
main apparently the same; but when the incubation period is
extended to 10 days, the yield becomes more uniform. Yeasts,
generally speaking, behave similarly: a 24-hour growth is much
more variable than a 48-hour growth; but if the medium has cer-
tain deficiencies, a 72-hour growth is more satisfactory.
It is conceivable that if all the ideal conditions for an un-
hampered growth of microorganisms could be provided, fluctua-
tions would be reduced to a minimum. But, while it may be pos-
sible to control the external environment, the internal conditions
of the living cell still would escape, at least to a large extent, all
attempts to regulate them. Realizing this fact, as well as being
aware of limitations in the refinement of technique now avail-
able, those who are engaged in microbiological assay work con-
sider a 10 percent variation in assay figures very good, and 15
or even 20 percent permissible in some cases. Microbiological
methods may not yield more exact results than animal experi-
mentations or chemical tests, but in most cases they are much
more convenient, rapid, and unquestionably more flexible. It is
pertinent to note here that many of the B vitamins were dis-
covered by the use of microorganisms.
Examination of Tables 11 and 12 shows that pyridoxin and
biotin yielded the most irregular results because of the presence
in yeast of substances that are capable of replacing pyridoxin
or biotin for some of the organisms used in this work. Figures
for the thiamin assay (Table 3) show a remarkable uniformity
despite the fact that only Pythium ascophallon requires an exo-
genous supply of thiamin for growth. Apparently yeast cells do
not contain appreciable amounts of thiamin moieties to com-
plicate the results. But food substances in which thiamin de-
composition has taken place would undoubtedly induce higher
thiamin values if Phycoiiiyces hlakesleeanus or Saccharomyces
cerevisiae were used as test organisms.
The assay figures for pantothenic acid (Table 5) show that
Proteus morganii gave much smaller values than the other or-
ganisms. Dorfman, Berkman, and Koser (8) found that the stim-
ulation of respiration of Proteus morganii required the intact
molecule of the pantothenic acid, and that /3-alanine and (i, /?-
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dimethyl-u-hydroxy-y-butyrolactone,* alone or in combination,
could not be substituted for pantothenic acid. We used these
two substances, alone and in combination, at concentrations
equivalent to 100 micrograms of calcium pantothenate per liter
and observed that they failed to induce growth in Saccharomyces
cerevisiae, "Old Process" and "Gebriider Mayer," in S. carlsber-
gensis, and in S. oviformis. Even when these substances, in the
amounts specified above, were added to 10 micrograms of calcium
pantothenate per liter, there was only a slight increase in yield
over that induced by 10 micrograms of calcium pantothenate
alone. Therefore, it is safe to assume that neither /^-alanine nor
pantolactone can be considered as controlling factors insofar as
the organisms mentioned above and the practical limits of micro-
biological assays are concerned. It is true that /3-alanine may be
substituted for pantothenic acid in the growth of Saccharomyces
Cerevisiae ''Gebriider Mayer," but it is effective only in large
amounts, approximately three times that of calcium pantothenate
as shown by Pollack (16). This author also studied the behavior
of Lactobacillus casei and of L. arabinosus but presented no data
on the effect of /^-alanine on their growth. However, one may
infer that his results were negative. Our own tests showed that
/^-alanine failed to replace calcium pantothenate for L. casei and
L. arabinosus.
Since Proteus morganii gave a much smaller assay figure
than the other test organisms used in this work, one may presume
that yeast contains some "vitamer" effective for the other organ-
isms used here, but not for Proteus morganii. This does not neces-
sarily mean that Proteus morganii would continue to yield low
values, if substances other than that used in this work were to be
assayed.
The situation with respect to assay values for pyridoxin
(Table 11) is one of wide divergence. Saccharomyces carlsber-
gensis shows the lowest assay value, 9.9 micrograms per gram of
yeast. Ceratostomella montium, C. pleuriannulata, Mycoderma
valicla, and Neurospora sitophila averaged about 22 micrograms
of pyridoxin per gram of yeast. If we assume that S. carlsber-
gensis responds only to pyridoxin, or its response to the various
vitamers of pyridoxin is of the same order of magnitude, it would
be the organism to choose for this vitamin. Concerning the sec-
ond group of organisms assaying 22 micrograms, two assump-
tions may be made : first, at least one other compound having
pyridoxin activity for these test organisms is present in the test
material ; second, if more than one vitamer of pyridoxin be pres-
ent, the activity of these compounds for this group of test or-
ganisms is about the same. Lactobacillus casei is unique in its
position; unlike Streptococcus lactis R, it grows in the presence
of unautoclaved pyridoxin, but it is obvious that our sample of
yeast does not contain 270 micrograms of pyridoxin per gram,
therefore L. casei responds to some vitamer (s) of pyridoxin.
* Obtained through courtesy of Dr. R. T. Major of Merck and Company.
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When pyridoxin is subjected to prolonged autoclaving, it induces
better growth in L. casei, thus substantiating the theory that this
organism responds to some modification of pyridoxin produced
by this treatment. However, the question may be raised as to why
Streptococcus lactis R should give an assay value of 6,500 micro-
grams per gram, whereas L. casei gives only 270. The logical
assumption is that the so-called "pseudopyridoxin" (see introduc-
tion) is not one compound, but a group of compounds.
Since this paper was submitted for publication, E. E. Snell
(20) published a very illuminating communication on the "pseudo-
pyridoxin" question. Briefly, two compounds derived from pyridox-
in have been shown to possess vitamin activity and, indeed, to a
much greater extent than pyridoxin itself for some organisms.
These vitamers of pyridoxin have the activities shown in the
following table taken from Snell's paper (loc. cit.).
Organism Comparable activity
Pyridoxin Pyridosal Pyridoxamine
8. lactis R.
L. casei
8. carlshergensls
1.0
1.0
1.0
5000-8000
1000-1500
0.9-1.4
6000-9000
3-10
0.8-1.3
If one now considers the assay value of 270 given by L. casei,
it is possible that the "pseudopyridoxin" in our yeast sample
consisted of a mixture of pyridoxal and pyridoxamine, with pyri-
doxamine being present in the greater amount. (One may regard
for the moment the ever-present possibility that there are still
other members of the "pseudopyridoxin" complex still undis-
covered)
.
If one now considers the assay value given by S. lactis R,
it will be seen to be less than 1000 times as great as that given by
S. carlsbergensis. Thus it is probable that less than one sixth of
the pyridoxin in our yeast sample consisted of pyridoxamine or
pyridoxal. Nevertheless, the possibility of other compounds having
"pseudopyridoxin" activity is still an open question.
Since the comparative values of pyridoxal and pyridoxamine
for Ceratostow.ella montium, C. pleuriannulata, Mycoderma valida,
Neiirospora sitophila, and- Lactobacillus arabinosiis are not yet
known, it Avouid be without point to speculate further concern-
ing these organisms at this time.
The recent paper of Johnson (11) presents data in apparent
conflict with those of Snell and, in some particulars, with ours.
According to Johnson, L. casei cannot utilize pyridoxin, but only
"pseudopyridoxin." Our results showing L. casei to respond to an
unautoclaved alcoholic solution of pyridoxin, when this is added
to a previously sterilized medium, inclines us to view Johnson's
results with reserve. See also Snell (loc. cit.). The probable cause
of divergence of views on the utilization of pyridoxin by L. casei
lies in the low concentration of pyridoxin used by Johnson. Like-
wise the failure of Johnson to obtain growth of S. carlsbergensis
on ''pseudopyridoxin" is not confirmed by the findings of Snell
(loc. cit.) insofar as pyridoxal and pyridoxamine are concerned.
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However, as we have already remarked, there may be reasons for
supposing that still other members of the "pseudopyridoxin" com-
plex remain unknown at the present time. Johnson found Leucon-
ostoc mesenteroides to respond to "pseudopyridoxin" ; the high
assay (Table 9) value given by this organism confirms Johnson.
Carpenter and Strong (5) have shoMm that hydrogen-perox-
ide treatment of pyridoxin enhances its activi4;y for Lactobacillus
casei. The "pseudopyridoxin" so formed is not active towards yeast
(strain not stated) ; or, the activity of the "pseudopyridoxin" for
the yeast was the same as that of pyridoxin. They also found L.
casei to respond to pyridoxin sterilized by filtration through a
Seitz funnel ; i. e., to pyridoxin per se.
Table 12 shows that the situation with regard to biotin is no
less perplexing. Lactobacillus arabinosus gave an assay value of
0.16; Ceratostomella pini, C. montium, C. ips, Debaryomyces ma-
truchoti V. siibglobosus, and Saccharomyces cerevisiae "Old Pro-
cess" may be grouped together with an average assay value of
0.26 ; Neurospora sitophila, N. crassa, and Saccharomyces cere-
visiae "Gebriider Mayer" form a third group with an average
of 0.3'3 ; Lactobacillus casei and Sordaria fimicola are placed in a
fourth group with an average of 0.42, while Zygosaccharomyces
marxianus and Rhizobitim trifolii are in the last group with an
average of 0.55. When the avidin-uncombinable portion is de-
ducted, the organisms regroup themselves as follows : Lactobacillus
arabinosus, Ceratostomella ips, C. montium, and Debaryomyces
matruchoti v. subglobosus averaged 0.15; Ceratostomella- montium,
Saccharomyces cerevisiae "Old Process" and "Gebriider Mayer,"
Neurospora crassa, and N. sitophila averaged 0.23 ; Lactobacillus
casei and Rhizobium trifolii averaged 0.34, while Zygosaccharor.ui-
ces marxianus still remained at the top of the list with a figure
of 0.43. It is obvious that the yeast sample assayed by us contains
a number of compounds capable of replacing biotin for some
organisms.
While du Vigneaud, Dittmer, Hague, and Long (9) found that
pimelic acid and biotin could replace each other in the growth of
C. diphtheriae, Wright (22) states that pimelic acid was inef-
fective in case of L. casei, and Robbins and Ma (17) found it
to be devoid of biotin activity for the three species of Ceratosto-
mella used in this work. We observed that Sordaria fimicola failed
to grow when pimelic acid was substituted for biotin. Recently
Melville, Dittmer, Brown, and du Vigneaud (15) reported that
Saccharomyces cerevisiae, strain 139, grew equally well in a me-
dium where desthiobiotin replaced biotin, while Lactobacillvs casei
failed to grow. We found that desthiobiotin replaced biotin for
25 strains of Saccharomyces cerevisiae, as well as 10 other or-
ganisms including Debaryomyces matruchoti v. subglobosus, Ziigo-
saccharowyces marxianus, Ceratostomella, ips 438, C. montium,
Neurospora crassa, and N. sitophila. On the other hand, Cerato-
stomella pini 416, Sordaria fimicola, Lactobacillus casei, L. arabi-
nosus, and Rhizobium trifolii failed to respond to desthiobiotin. It
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is probable that this substance is not present in yeast, at least not
in sufficient amounts, to be a factor. For instance, both Lacto-
bacillus arahhiosus and Ceratostomella ips 438 assayed approx-
imateh^ the same amount of avidin-combinable biotin, yet one of
them cannot utilize desthiobiotin (which is avidin-combinable),
while the other can. Similarly, Lactobacillus casei is unable to grow
in the presence of desthiobiotin when this substance replaces the
biotin of the medium, yet it gave a very high assay figure. It is
obvious that not only the avidin-combinable but also the avidin-
uncombinable forms contain a number of vitamers which may
be more or less closely related.
Two biotin vitamers, desthiobiotin-diaminocarboxylic acid and
imidazolidone valeric acid have been shov^m by Dittmer and du
Vigneaud (6) to possess 10 and 0.0017 percent respectively of the
activity of biotin for a yeast (strain not stated, though presum-
ably strain 139). These compounds are active neither as growth
promoters nor as antibiotins for L. casei. Biotin sulfone (7) is less
active than biotin for yeast (strain 139) and strongly inhibitory
for L. casei and L. arabinosus.
Burk and Winzler (I.e.) state that a strain of yeast converted
du Vigneaud's diaminocarboxylic acid to avidin-combinable biotin
;
similarly "mjotin" and "tiotin" were converted to avidin-combin-
able form. The fact that yeast cells are capable of regenerating
the avidin-uncombinable "vitamers" suggests the possibility that
at least some "vitamers" may be degradation products of biotin.
However, at the present stage of our knowledge concerning this
complicated situation, we do not know whether living cells merely
link the secondary compounds of biotin into avidin-combinable
forms as, for instance, Phycomyces blakesleeanus links pyrimidine
and thiazole to produce thiamin, or whether they are capable of
synthesizing some missing factor and producing the complete
biotin molecule. Since such animals as rats and mice do not seem
to respond to biotin "vitamers," their value in biotin assay be-
comes at once apparent.
The question now arises as to the place and the reliability
of microbiological methods in vitamin B assays. We have seen
that in case of pyridoxin and biotin, the situation is chaotic and
is likely to remain so for some time to come, if not indefinitely.
We are faced not only with many different "vitamers," which
vary qualitatively and quantitatively in different substances, but
also with the possibility that a given vitamin may exist in the
form of different isomers, each with specific chemical, physical,
and biological properties. According to Kogl and ten Ham (12), for
instance, a-biotin (from Qg^ yolk) and ^-biotin (from liver) have
different structural formulae, different melting points and optical
rotation. It is possible that some of the substances which w^e as-
sume to be "vitamers" may, in reality, be true vitamins. But as
yet having no_ methods of demonstrating this, we can merely say
that it is unwise to assume that a given vitamin always occurs in
one specific form, or as one definite compound in the tissues of
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all plants and animals. Nor is it safe to suppose that even the
best of extraction methods at our disposal can remove all forms
of the vitamin; or, having removed, can present them to all test
organisms in a uniformly available state.
In view of the data presented in Tables 12, 13, and 14, it
seems doubtful that we can select 07ie test organism as the most
satisfactory for assaying the biotin content of all substances ; nor
is there much hope of ever finding such an organism merely by
multiplying the substances to be assayed and the oganisms with
which to make these assays. It will be comparatively less com-
plicated to find the most satisfactory organism to assay the biotin
content of one specific substance, or perhaps a group of sub-
stances ; but that seems to be just about as far as we hope to go.
The other members of B vitamins, thiamin, inositol, nicotinic
acid, 2;-aminobenzoic acid, riboflavin, and to some extent panto-
thenic acid have shown no tendency to vary greatly. This does
not mean that they will continue to yield satisfactory assay figures,
no matter how numerous might be the test organisms and the
materials to be assayed. The low value given for pantothenic acid
by Proteus morganii is pertinent. It may be that this organism
possesses a low efficiency to utilize fully the pantothenic acid
content of the particular yeast sample assayed in this work, and
that it may give high assay values if used to test some other sub-
stances for pantothenic acid. It is a well-known fact that biotin
methyl ester cannot be utilized as a source of biotin by a number
of organisms, while in the case of others it replaces biotin more or
less completely. It is true that biotin methyl ester may not be
present in nature, but who can say, in view of the behavior of
the test organisms used in this work, that there are not other
biotin compounds of similar nature? Similarly, how can one be
certain that pantothenic acid exists universally as the same com-
pound, possessing the same im.mutable properties? This may ap-
ply equally well to the other vitamins, but unless a very large
number of test organisms and test substances are used, this ques-
tion will remain unanswered.
SUMMARY
This work has two objectives : first, to distinguish the "vita-
mer" effect from the vitamin effect; second, to bring together
and to extend the more promising methods of microbiological
assay.
A commercial sample of dry yeast was assayed throughout
this work by a great many test organisms.
Of the four test organisms used to assay pantothenic acid,
Proteus morganii gave the lowest value, while Lactobacillus casei,
L. arahinosus, and S. cerevisiae ''Gebriider Mayer" assayed nearly
twice as much pantothenic acid as Proteus morganii and presum-
ably responded to some "vitamer" of pantothenic acid.
Saccharomyces carlsbergen.sis yielded the lowest assay values
for pyridoxin, 9.9 micrograms per gram of yeast as against 16.8
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for Neurospora sitophila; 20-27 for Ceratostomella montium, C.
pleurianmdata, and Mycoderma valicla: 270 for Lactobacillus casei,
and from 6,500 to 7,600 micrograms for Streptococcus lactis R,
Leuconostoc mesenteroides, and Lactobacillus arabinosus. This in-
dicates the presence in yeast of more than one "vitamer" of pyri-
doxin.
The 13 test organisms used to assay biotin gave figures vary-
ing from 0.16 to 0.58 microgram per gram. The avidin-uncom-
binable portion varied from 0.03 to 0.25 microgram per gram,
showing that this portion also consists of more than one sub-
stance.
When substances other than yeast were assayed for biotin,
the test organisms failed to maintain the same order in their
assay values; those giving low values for yeast yielded high fig-
ures, and those that gave high values, yielded low figures. This
shows that there are not only biotin "vitamers" of different quality
as well as quantity, but perhaps diverse biotin isomers in dif-
ferent substances.
Pythium ascophallon, Phycomyces blakesleeanus , and Sa^-
charomyces cerevisiae "Old Process" assayed about 500 micrograms
of thiamin per gram of \^east. In case of processed foods where
there might be degradation products of thiamin, Pythium ascophal-
lon should be preferred because it responds only to the thiamin
molecule ; otherwise, Phycomyces is the most satisfactory.
Lactobacillus casei, L. arabinosus, Leuconostoc mesenteroides,
and Zygosaccharomyces m.arxianus assayed about 300 micrograms
of nicotinic acid per gram of yeast and seem to be equally satis-
factory.
Neurospora crassa "23-aminobenzoicless" strain, and Lacto-
bacillus arabinosus assayed about 45 micrograms of this vitamin
per gram of yeast.
Saccharomyces cerevisiae "Old Process" and Neurospora
crassa "Inositolless" were the two organisms used for inositol
assay.
Lactobacillus casei was the only organism used for assaying
riboflavin.
Old, improved, and new methods of microbiological assay are
described in some detail. The application of microbiological assay
methods to the vitamer situation is discussed with especial refer-
ence to pyridoxin and biotin.
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